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1. Scope
1.1 This method is suitable for determining
the residual vinyl chloride monomer (RYM) con-

. tent of homopolymer and copolymers of vinyl

chloride down 1o 3 level of ~5 ppb.

1.2 This method is applicable to any polymer
form, such as resin, compound, film, bottle wall,
¢1c. that can be dissolved in a suitable solvent.

1.3 This standard may involve hazardous ma-

terials, operations, and equipmeni. This standard

does not purport to address all of the safety prob-
lemns associated with its use. 1t is the responsibil-

ity of whoever uses this standard lo consult and

establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior 10 use. Specific precautionary state-
ments are given in Section 9 and Note 13.

2. Applicable Document

2.3 OSHA Swndard:
29 CFR 1919.1017—Vinyl Chloride’

3. Summary of Method

3.1 Samples of vinyl chloride containing poi-
ymers are dissolved in a suitable solvent in a
closed system.

3.2 The polymer solution and headspace are
equilibrated at an elevated temperature.

3.3 Aliguots of headspace gas are injected into

a gas chromatograph and the vinyl chlonide mon- -

omer is separated. The response of vinyl chloside
monomer is determined by the use of ooe of
several suggested detectors.

3.4 Calibration is accomplished using ecither

(a) vinyl chloride monomer in nitrogen gas

stapdards, (b) standard solutions containing
known amounts of vinyl chioride monomer, or
(c) a method of standard addition.

4. Significance and Use

4.1 Vinyl chloride-containing polymers arc
widely used to package a variety of materials,
including foods. .

4.2 Vinyl chloride monomer has been shown
10 be a human carcinogen. Threshold to:ur:ny
value has not been established,

4.3 Plastic manufacturers, food packagers,
government agencies, ete. have a need to know
the residual vinyl chloride monomer conient of
vinyl chloride-containing polymers.

S. Abbreviations -

5.1 VCM—Vinyl chloride monomer.
5.2 DMAc—N N-dimethylacetamide.

6. Imterferences

. 6.1 DMAc shoukd be analyzed to determine
the absence of interferences at the viny! chloride
monower gas chromatography (GC) retention
time.

6.2 Otber solvents, monomers, of compound-

' This wethad is under the jurisdiction of ASTM Committee

mitioe

D-20 0a Plastics and 1 the direct responsibility of Subs
D20.70 co Apalyvcal Methods. ’
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ing aids may cause interference at the vinyl chlp-
nde monomer GC relention tme.

7. Apparatus

7.1 Gas Chromatography. equipped with
either a flame ionization detector (FID), a photo
ionization detector (PID). or a2 Hall electrocon-
ductivity detector (HED). backflushing valve,

_ and capable of either automatic (Note 1) or man-
ual sampling (Note 2) and analyzing the head-
space vapors contained in a sealed vial.

NoTte |-—Perkin-Eimer Model F-40, F42, or F-45
Headspace Analyzer, backflushing capabilities, tber-
mostatically controtied sampie vial tray, and other re-
qQuired associated accessories can fulfill these require-
ments.

NOTE 2—1If the analyses are 10 be performed man-
ually. that is by syringe injection itto other models of
chromatographs, then the following equipment will also

be pecded:

{7) Constant-temperature tath or oven capabie of
maintaining 8 t:mpcnmn of 90 = 1°C.

{2) Gas-tight GC syringes for smphn;andmmon

{3) Sampic bortles with flucropolymer faces septa
and caps (size optional).

(¢) Gloves for handling hot syringes.

7.2 Chromatographic Column, 3% OV-101
on 80/100 mesh Chromosordb WHP*, % in. (3.2
mm) outside diameter by 2 i (0.6 m), stainless
steel connected through % in. “tee™ to 0.19 %
pictic acid on 80/100 mesh Carbopack C*, % in.
(3.2 tam) outside diameter by 8 ft (2.4 m), stain-
less steel,

NOTE 3—Any column packing thst will resolve
VCM from interferences and elute VCM in a reasonable
lengih of time (1 to 5 min) is satisfactory. For exampie,
2 3 A {09 m)by % in. (3.2 mm) outsde diameter
colump cootaining 0.19 % picnic acid on 30/100 mesh

k C can replace the recommendded 3 % OV -
101 coiumn. Settings recommended in 11.3.]1 may bave
10 be modified to suit the packing material being used.

7.3 Two-Channel, 1-mV, Full-Scale Re-
corder—A single-chanpel recorder is sufficient if
the GC-detector signal is sent to a computer
system or integrator to store the total ¥C peak
area. An electronic integrator is recommended
for measurement of peak arcas.

NoOTE 4—The YCM peak must be kept oo scale 10
manually measure the correct peak area or peak height.
Omnec method of achieving this without undue operator
attention is 10 use a dual-channc recorder. One channe!
is sct at a high sengtvity 10 obtain measurable-small
peaks for low-VOM sampics The otber channel is sct
at a lower sensitivity 10 keep the larger peaks from high-
VYCM sampics on scale.

7.4 Detector Owpus  Filter/Amplifier—The

extreme sensitvity of this method is best realized
when the detecior (usually operated at the max-
imum sensitivity) output is {a) filtered 10 remove
the high-frequency noise and (4) wmplified to
give a visible or measurable signal. The filier/
amplifier is connected in senies between the de-
tector and the recorder/computer.

NOTE 5—A Spectrum Scientific Model 1021A fil-

ter/amplifier’ can fulfill these requirements. Other Al
ter/amplifiers may be available that are suitabie.

7.5 Sample Headspace Vials, glass, 23 mlL,
with fluoropolymer-lined septa and aluminum
caps

7 6 Vial Sealer.

1.7 Anaiytical Balance, capable of welg,hmg to
+0.001 g.

7.8 Statistical Programmable Calculator.

Note 6—A programmable caiculator is bot abso-

lutely Decessary, but can save a considerable amount of
time whep larpe numbers of samples are being analyzed.

8. Reageots and Materials

8.1 Vinyl Chloride Monomer (neat), pure,

preferably in small cylinder.

8.2 Standard Cylinders, vinyl chloride mon-
omer in nitrogen at } and 10 ppm by volume.

8.3 Hydrogen Cylinder, prepurified gas.

8.4 Nitrogen, oxygen-free.
. Note 7—Helium may replace pitrogen as the car-
fier gas.

8.5 Air, breathing or water-pumped.

8.6 N.N-Dimethylacetamide (DM Ac), sparged
with nitrogen gas for up to a week at room
temperature to remove chromatographic inter-

‘ferences.

9. Safety Precautions

9.1 Vinyl chloride monomer is a carcinogen
and exposure by inhalation or dermal contact, or
both, is to be avoided. Refer to OSHA Standard
29 CFR 1919.1017 for regulated levels of expo-
sure. DMAC is a teratogen. The use of a properly
functioning hood and scptum-sealed sample con-
tainers are recommended.

9.2 Avoid all contact with heated parts of the

gas chromatograph. hot syringes, and sample bot-

ties. Handle all electrical connections with care.

? Availabie from Poriio-Elmer Corp., Maip Ave., Norwalk,
CT 06356,

*Columu paciiag is available from Supeico, loc., P.O. Box
628, 146 S Water St, Bellefoate, PA 16823

3 Availahie from Spectrum Sccutific Corp.. 240) Ogiaown
Rd., Newark, DE 19711,
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9.3 Once heated. sample vials are under pres-
sure. Afier analvus. relieve the pressure with 8
hypodermic synnge needie venied into a charcdal
slug or vent tutx leading 10 a hood before remov-
ing vials from Lhe waler bath.

10. Sampling and Storage

10.1 Keep all polymer samples in tightly
scaled jars or ughuy wrapped aluminum foil
prior o analysis. Dissolved polymer samples
must be kept in septum-sealed vials or bottles
until analvzed. Polymer solutions stored longer
than 24 b should be maintained under refrigera-
uon.

11. Preparation of Gas Chromatograph

NOoTE 8—All conditons in this section refer 10 the
Perkin-Elmer Headspace Analyzer. If analyses are per-
formed manually, alter the operating procedures as
fequired by the instrumentation.

11.1 Instal} the chromatographic column and
condition overnight at 100°C, using normal car-
rier flow. Do not connect-the exit end of the
column to the detector or turn on detector gases
during column conditioning.

11.2 Set the flow of detector gases as follows:

Detecior Gas Flow
FID Hydrogen 30 1o 40 cm’/min
Air 300 10 400 cm?/min
mMp Not required
HED Hydrogen 30 coo?/min

113 Sat other parameters as follows:

11.3.1 Oven Temperature—50 to 60°C.

Notmx 9—Higbher oven tempcoratures may be re-
Qquired when other chromatographic columas are used,
or when high-boiling solvents and laie-cluting materials
are being driven from the column.

11.3.2 Dosing Needle—150°C.

11.3.3 Injection Block Temperature—200"C.

11.3.4 Constory—Temperoture Bath—90 +
1.0°C.

11.3.5 Carrier—Gas Flow Rate—30 cm®/
min.

Nor: 10—Backfluthing the cartier gas after VCM
cdutes can considerably shorten analyxis time. Afier
backflushing. allow adequate time for chromatographic
conditions 1o stabilize before making another injection.

11.3.6 Detector Temperature:

11.3.6.1 FID—=250°C.

11.3.6.2 PID—150"C.

11.3.6.3 HED—880°C.

11.3.7 Filer/{Amplifier—Adjust as needed to
remove high frequency noise and to provide ad-

equaie amplificavon of VCM signal. Typical set-
ungs: filter ~ 0.05 Hz and amplifier — 2x.

12. Calibeation by Standard Addition

NOTE 11—The gas chromatograph is calibrated us-
ing cither procedure: {@) VCM in nivrogen gas standards
and a previously determined pantition coefficient for
YOM between DMAc and beadspace. (&) YCM solu-
tion standards, or {c) 8 method of standard addition of
YCM w polymer solutions. Procedure {¢) is preferred
1o correct for any contribution the polymer makes w0
parutoning of VOM, Thaefore, oaly procedure (¢) is
descnibed.

12.1 Accuratcly weigh headspace vial, cap.
and septum using an analytical balance. Add 20
ml. DMAc to0 weighed vial. Cap loosely, and
reweigh. In hood, prepare VCM stock solution
in this vial by quickly uncapping vial and adding
0.4 10 2 g bguid YCM from invented freezer-
cooled cylinder of VCM. Immediately cap vial
tightly and mix well by shaking. -Reweigh and
calculale VCM concentration by weight (ca
20 000 to 80 000 ppm). Dilute this stock solution
by withdrawing aliquots through septum with
syringe and injecting into weighed, sealed vials
of DMAc. Reweigh, and calculate VCM concen-
tration (ca 50 ppm). This solution is similarly
diluted o yield solution containing 1 10 § ppm.
If refrigerated, these working standards are stable
for scveral weeks. Multiple septum punctures
shorten working life of standards.

NOTE 12--Otber methods of introducing VCM into
tbe DMAc may be saticfactory. These should be shown
to be accurate and safe.

12.2 Add known volumes (uls)of the 1 10 §

pprmm VCM in DMAc¢ standard to the polymer
solutions prepared as described in Section. 13.

* Analyze solutions along with solvent blanks and

the uaknown, unspiked polymer solutions.

13. Procedure for Sample Analysis

13.1 Prepare two solvent blanks by adding
10.00 mL. of DMACc to cach of the two vials. Seal
immediately with cap and septum.

13.2 Cut up polymer film and bottle samplies
into small (~5 by 5 mm) picces. Use powder and
pellet samples as received.

13.3 Prepare 8§ vials, cach containing the same
weight, +0.01 g, of polymer (1.00 10 4.00 g
depending on previously determined sojubility
or desired sepsitivity, or both), Add 10.00 mL of
DMACc t0 each vial and seal immediately with
cap and septum. Begin vigorously shaking vials
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at once 10 facilitate dissolution. Immerse vials in
constant-temperature bath (30 £ 1°C) until com-
plete solution is effected. Vigorously shake Vials
occasionally to aid solution. Alternatively, (/)
immediately add a magnetic stirming bar 0 the
vials and effect solution in an 85 to 95°C water
bath on 2 stiming-type hot plate, or (2) place vials
ou/in a reciprocating shaker and heat with a beat
lamp.

Note 13—VTM may be present in the atmosphere
of laboratories located in or near PYC manufacturing
plants and PVYC fabricating plants Therefore, it may
be necessary to prepare the sealed vials of solvent Yanks
and sample mixtures inside a nitrogen-flushed glove
box or glove bag 10 avoid contamination by air-borp
VCM. Ooce scaled, the vials can be returned to the
laboratory atmosphere for the remainder of the analy-
oS .

~13.4 ARer solution is attained (<5 b), spike
vials accordingly, using syringe through thick
poruon of septum: vials 1 and 2, no spike; vials
3and 4. x uL of 1 10 5 ppm VCM in DMAc
standard (see 11.1) (X pL should give approxi-
mately double the GC response for YCM as in
the unknown); vials Sand 6,2 X pl of 110 S
ppm VCM standard; and vials 7 and 8, 3 x puL
of 110 5 ppm VCM standard.

13.5 Shake all vials to assure homogeneity.
Heat vials in constani-temperature bath (90 +
1°C)for 1 h. '

13.6 Adjust instrument injection time to in-
ject maximum amount of beadspace gas from
each vial into the gas chromatograpb in the fol-
lowing sequence: solvent blank, 8, 6, 4, 2, |, 3,
S, 7 solvent blank.

NOTE 14—t may be useful 10 measure vial pressure
afier analysis but before removing vial from beth. This
assures vial was correctly pressurized and po lkeaks
occurred, either of which will negate resuhs.

NOTE 15—Experience with the metbod and system
or development, or botb, of response factors for one
type of polymer may pernit a reduction in the number
of analyses of spiked unknowns during a determination.

NoTE 16—For maoual injections, heat syringe to
90°C prior o withdrawing 1.0-ml. beadspace sampic
for injection. Wear gloves for protection.

13.7 Preparatory to plotting data points, con-
struct two perpendicular axes on lincar graph

paper. The units of the x-axts should be in terms
of X. from —3x or less 10 +3x or more. The
units of the y-axis should be from 0 10 a posilive
value at least as large as the net average response
value for vials 7 and 8.

13.8 Plot the net YCM response (average sam-
ple response for duplicate vials minus average
blank response) for cach vial pair on the y-axis
versus the weight of YCM that was added to each
member of the pair on the x-axis. Draw the best
straight line through the four points and extrap-
olate the line to intersect the x-axis. The distance
from this point of intersection to the point X =
0 on the x-axis is 2 measure of the YCM conient
of the sample. See Fig. |.

Note |7—A computer program can be used 0 plot'
and extrapolale the dala.

14, Calculation .
14.1 Calculate the VCM content in the un-

known by determining the ng VCM obtained in-

the unknown (from the plot or computer) and
dividing by the weight of polymer in the wial.
Report findings in ppb (ng/g).

15. Precision and Bias*

15.1 The following values were determined
for the cocflicients of vanation of this method
on e basis of an interfaboratory test program
(1981-82) involving 8 laboratories reporting re-
sults of at least duplicate analyses:

15.2 Coefficient of variation (CV) al a residual

~ vinyl chloride monomer level of approximately

10 ppb:
R CV for Ho-
CV for Copol-  mopolymer
ymer Fim Pellets
Intralaboratory 335% 149 %
Jouriaborawry NT1% 348 %

15.3 Bias—Since no absolute method is avail-
able for comparison, no statcment can be pre-
sented for this method.

*Supporting dats are available oo Joan &t ASTM Headquar-
ters. Request RR: D20-1116.
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